shot using a liquid nitrogen cooled HgCdTe double array detector (2x31 pixels). The time resolution was determined to be 180 fs based on the cross-correlation between the UV pump and IR-probe pulses measured in a ZnSe semiconductor placed at the sample position. A peristaltic pump was used to circulate the sample through a flow cell (1 mm thick BaF 2 windows separated by a 50 µm thick teflon spacer), to guarantee that a new sample volume was excited for every laser shot. The sample solutions were kept at a temperature of 25 ± 2 o C.
Bicarbonate slowly autodehydrates in aqueous solution to yield carbonate, water and carbon dioxide: 
This equilibrium not only serves to reduce the concentration of DCO 3 -present, initially prepared by dissolving NaHCO 3 (Aldrich) in D 2 O (Deutero GmbH), but also leads to an increase of pD due to CO 2 leakage out of the solution. The fraction of photoacid 2-naphthol-6,8-disulfonic acid, dipotassium hydrate (2N-6,8S, Aldrich, 50 mM) present in its acid form is obviously highly dependent on the pD of the solution (Fig. S1 ). Consequently, because of the aqueous equilibrium eq. S1, one finds that the initial concentrations of the two reagents decrease in time: the photoacid is converted to its nonreactive photobase form, and DCO 3 -is slowly transformed into carbon dioxide and CO 3 2-. This makes it imperative to ensure that minimal pD driven concentration changes occur during the measurement in order to measure reliable kinetics. High initial concentrations of photoacid and base are desired for the reaction.
For this a sufficiently low pD must also be used. To this effect an optimal pD = 8 was found and the solution was buffered with tris(hydroxymethyl)aminomethane [TRIS] (Aldrich) that has a large buffer capacity in this pD-region. Buffer concentrations of 0.15 M were used as a compromise between buffer capacity and minimizing the increase in ionic strength.
UV-visible spectra of the samples were recorded before and after the measurements (Fig.   S1 ), and in situ monitoring of the pD was implemented in order to verify that the experimental conditions were effective in ensuring a minimal change in pD (Fig. S2 ). The change in the ratio between the concentrations of the photoacid and its conjugate photobase form (in the electronic ground state) deduced from the absorbance in the UV-visible (Fig. S1 ), corresponds to the monitored increase in alkanity of 0.1.
Confirmation that the apparently negligible increase of the pD with time did not impact the measured reaction kinetics was obtained by performing all measurements twice. In the first measurement we scanned the pulse delay in the forward direction (i.e. from -100 ps to 1 ns) where for every pulse delay step signal acquisition occurred for 400 laser shots and averaging over 15 s. A backward scan (i.e. from 1 ns to -100 ps) was then recorded with the same solution. Individual measurements were scanned over the whole range only once; no loop averaging was employed. This then allowed us to compare the measured kinetics of the forward and backward scans. Had the increase in pD led to a change in kinetics over time, we would have measured different kinetics for the forward scan compared to the backward scan.
It is clear from Fig. S3 that this is not the case. We conclude that the rise of 0.1 unit of pD that occurs during the time span of the measurement (forward and backward runs), i.e. 60 minutes, does not impact the reaction kinetics in a significant way.
Identification of Vibrational Marker Modes and Simulation Details:
Until now the rates currently reported for the formation and decomposition of H 2 CO 3 have solely been determined by relaxation methods with limited temporal resolution, such as isotope exchange (S3-S5), temperature change (S6) or pH-change measurements (S7-S13).
Photoacid molecules have on the other hand been demonstrated as a means to provide access to ultrafast photoinduced proton transfer phenomena (S14-S20). We use here the same experimental method as applied before on the neutralization reaction of the photoacid decay with a 10 and 12 ns time constant, for the photoacid and photobase forms, respectively.
With Fig. S4 we can identify one band typifying the photoacid form of 2N-6,8S in the S 1 -state, located at 1472 cm -1 . The photobase form has a marker mode at 1410 cm -1 . In addition a photoacid band at 1502 cm -1 is replaced by a photobase band at 1510 cm -1 . Here the photobase bands at 1410 and 1510 cm -1 have similar magnitude at long pulse delay, when the deuteron transfer process has reached completion. We thus used the kinetics of the 1472 cm -1 photoacid, the 1510 cm -1 photobase and the -1 D 2 CO 3 bands as input in a diffusion-assisted reaction model that has been used before in photoacid-base neutralization studies (S22, S46-S49) . The diffusion coefficient of DCO 3 − was calculated from its known value for mobility, obtained by conductivity measurements of the ions in H 2 O (S50, S51),corrected for changes in viscosity, and was varied for best fit in the range of ± 10 %. The contact radius parameter a was searched in the range of 5 -6.5 Å, covering the accepted range for this parameter in typical acid-base reactions (S7, S16-S18, S21-S25, S52-S54) . For the contact separation distance between 2N-6,8S and D 3 O + we used a value of a = 6.2 Å (S55). The effective radius a eff includes the interaction potential between acid and base, and depends on ionic strength of the solution (S46). The additional protolysis pathway only becomes necessary for the lowest base concentration. Using the same description as reported for HPTS-acetate neutralization experiments (S22), we fitted the scavenging rate for deuteron pick-up by the bicarbonate base with k SC = (300 Mps) -1 . The other fitting parameters are summarized in Table S1 .
The bimolecular rate constant k 0 used in the Szabo-Collins-Kimball description for diffusion-assisted bimolecular reaction dynamics has been converted into the first-order rate constant k r for proton transfer within the encounter complex using the relation (S22): we find k r = 1.7 · 10 11 s -1 for the reaction between 2N-6,8S and HCO 3 -in H 2 O.
For comparison of the relative magnitude of k r with those of k D and k s (Fig. 1B) , we use (S56-S57):
with the Debye radius R D given by:
(S5)
Here z 1 and z 2 are the charge numbers of acid and base, e is the elementary charge, ε is the dielectric permittivity, k B is Boltzmann's constant, T is the absolute temperature, and D is the mutual diffusion coefficient.
We have used a semi-empirical correlation between this first-order rate constant k r and the difference in pK a -value of excited photoacid and conjugate acid of the base in Fig. 4 . In the free-energy relationship (eq. S6):
(k * ) -1 is the frequency factor of this type of reaction, R is the gas constant and T the absolute temperature. The effective activation energy of the proton transfer reaction, ∆G a , has been estimated using the Marcus Bond-Energy Bond-Order (BEBO) equation (S58):
Here ∆G o # is the solvent-dependent activation energy of the charge-exchange reaction when the total free energy change ∆G o :
in the proton-transfer reaction is equal to zero. In Fig. 4d we have fitted k * and ∆G o # to our experimental results obtained on proton transfer between HPTS and the carboxylate bases 
